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SUMMARY 

This  thesis  is  a  report  of  the  results  of  the  column  phase  of 
a  three  part  experi^^Tnental  investigation  of  short  time  creep  proper- 
ties of  light  metal  alloys  under  conditions  of  high  loadings  and  ele- 
vated temperatures.     The  other  parts  of  the  investigation  were 
concerned  with  creep  properties  of  these  alloys  in  tension  and  in 
conrspression.      fhe  former  is  described  by  R,  J.   Kauffman;  the 
latter  by  R .  C,   Thatcher  (Kefs.   11  and  12). 

Creep  characteristics  of  75£->T6  aluminunn  alloy  colutrins  hav- 
ing various  effective  slenderness  ratios  were  investigated  at  450   F 
and  550   F.     Of  primary  interest  was  the  region  of  applied  stresses 
near  the  maxirriUnri  stresses  which  these  columns  would  sustain. 
Lateral  cre'^p  deflection  of  the  column  midpoint  was  measured. 
Coincident  with  this  measurement,  titrse  to  failure  of  the  colurrin  v/as 
also  iT.easured.     Columns  tested  at  550    F  had  rectangular  cross  sec- 
tions and  had  effective  slenderness  ratios  of  2  5,5,   39.9.  48.6  and 
57,2.    Columns  tested  at  450   F.  had  rectangular  cross  sections  and 
had  effective  slenderness  ratios  of  25.5,  48.6  and  57,2. 

Tf>3ting  equipment  was  designed  and  constructed  for  the  inves- 
tigation,    ■-*  constant  load  was  applied  to  the  specinnen  by  means  of  a 
lever  arm  having  a  ten  to  one  msechanical  advantage.     The  specimen 
was  heated  in  an  electric  oven.     Th^  oven  was  m;aintained  at  tempera- 
ture by  automatic  electrical  control. 

It  was  found  that  75S-  r6  aluminum  alloy  columns  having  effec- 
tive slenderness  ratios  of  2  5,5  to  57.2  are  suitable  for  short  tim<^ 
(0  -  10  min.)  use  at  450   F  and  550    ?. 
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lo      mTRODUCTION 

Creep  in  metals  under  stress  at  high  temperatures  is  of 
widespread  interest.     The  trend  of  aircraft  toward  high  speeds  of 
flighi:  has  introduced  the  probletr,!  of  aerodynarriic     heating.     For 
example,  a  temperature  rise  of  270   F  due  to  compressibility  is 
reported  in  reference  1.     Jet  propulsion  has  also  created  the  need 
of  more  effective  alloys  for  nigh  terr^perature  service, 

Cuite  often  it  is  possible  to  avoid  the  problem  of  structural 
difficulties  caused  by  creep  by  irrsposing  lov*/  working  stresses  on 
the  structure.     This  is  the  inefficient  solution  to  the  problem,  how- 
ever,  since  the  result  is  increased  weight.     Aeronautical  engineer- 
ing is  particularly  concerned  with  the  problem  Of  creep  because  a 
weight  penalty  cannot  be  accepted  in  many  applications. 

Th^  literature  on  the  subject  of  creep  is  varied.     Fundamental 
studies  relating  to  the  origin  and  nature  of  creep  have  been  conducted 
at  the  University  of  California  and  are  reported  in  references  2  and  3, 
The  National  Advisory  Corrimittee  for  Aeronautics  has  sui-nmariaed , 
in  reference  4,  nuiTserous  theories  relating  to  creep  phenomena  and 
the  extent  of  current  knowledge  on  the  subject.    This  report  gives  a 
list  of  199  references  as  a  bibliography  of  many  of  the  published 
works  in  the  field  of  creep,    Marin,  in  reference  5,  gives  a  survey  of 
research  in  creep  which  includes  a  bibliography  of  4S  references. 

In  general,  the  application  of  creep  knowledge  to  date  has  been 
concerned  with  the  effect  of  creep  at  the  end  of  a  long  ti-.r-.e  service 
period.     The  advent  of  high  speed  expendable  fnissiles  nnakes  know- 
ledge of  short  tinr^e  ,  high  stress  creep  characteristics  of  rr-etais 
desirable.     Short  tin-ie  here  is  defined  in  terms'  of  minutes  or  seconds 


rather  than  hours  of  tinrje  .    Knowledge  of  the  short  tin-je  creep 
characteristics  of  the  material  from  which  a  unit  is  to  be  construct- 
ed v,?ill  pern-^it  an  efficient  design  %vhere  the  service  life  of  the  unit 
is  to  be  a  irjatter  of  minutes «     .\t  present,  no  published  work  has 
considered  this  phase  of  the  subject  of  cr°ep. 

Interest   in  the  short  time  high  stress  creep  characteristics 
of  light  metals  such  as  aluminut-n  and  magn'^siurr:  served  as  the 
motivating  factor  for  starting  an  investigation  of  these  creep  charac- 
teristics.    The-  investigation  was  divided  into  three  parts;  one  dealing 
with  tension;  a  second  dealing  with  compression;  and  a  third  witii 
columns  in  the  internr^ediate  slenderness  ratio  reginrseo     The  object 
of  this  paper  is  to  report  the  results  of  the  colujnn  phase  of  the 
investigation. 

Colu-mn  deflections  and  buckling  loads  for  mat'^rials  which  do 
not  creep  have  been  considered  and  discussed  for  many  years,    ■•uler  , 
(Pvof,  6),  obtained  the  theoretical  critical  load  for  ideal  pin  ended 
columns  loaded  below  the  proportional  limit.     There  have  been  at 
least  three  major  theories  explaining  the  action  of  ideal  columns 
loaded  above  the  proportional  limit.    The  first  of  these  was  proposed 
by  F.ngesser  over  fifty  years  ago.     The  second  theory  is  the  reduced  mod- 
ulus theory  of  Considere,   iingesser  and  von  Xarnnan.     The  third 
theory  is  that  proposed  by  Shanley  in  reference  7  and  additionally  dis- 
cussed by  him  in  reference  8. 

These  theories  are  concerned  with  id^al  columns,  i.e.  columns 
which  are  pin  ended,   which  have  no  crookedness,  which  have  hon'io- 
geneity  of  material,  and  which  have  zero  eccentricity  of  applied  load- 
ing.    The  analysis  given  by  these  ideal  theories  must  be  extended  to 


consider  practical  colurr.ns  , 

'^"hen  a  n.-.aterial  creeps,  the  theories  of  column  action  men- 
tioned above  must  be  further  rrodified  to  consider  the  reduction  of 
the  critical  load  which  is  caused  by  lateral  creep  deflections  of  the 
colurrui© 

Son-e  theoretical  work  has  been  done  in  regard  to  column  creep 
deflection.  ^  arin,  in  reference  9.  proposed  a  theory  for  creep  de- 
flection in  bending  in  the  forrt;  of  a  differential  equation,  A  trial  and 
error  procedure  or  numerical  integration  must  be  used  to  solve 
the  equation.  Mess,  in  reference  10,  expressed  the  creep  deflection 
of  th"^  colutr.n  in  ternns  of  a  definite  time  integral  containing  Young's 
modulus  and  the  viscosity  co---fficient » 

Little  experimental  work  has  been  done  in  colutrm  creep  deflec- 
tion, particularly  at  high  temperature  and  high  stress  for  a  -rsaterial. 
This  investigation  is  intended  to  provide  at  least  some  experimental 
data  of  this  type.     It  is  not  proposed  to  go  into  a  discussion  of  the 
theoretical  aspects  of  the  problem  of  colurrtn  creep  but  rather  to  pre- 
sent the  data  obtained  in  actual  colurciti  tests.     The  basis  for  all 
colurr-n  studies  nnust  be  a  reliable  background  of  tests. 

This  investigation  was  conducted  at  the  California  Institute  of 
Technology,  Guggenheim    Aeronautical  Laboratory ,   7'asadena,   Calif- 
ornia, during  the  period  September  1951  to  May  1952,  under  thf  super- 
vision of  Dr.  n.   ru ,  Sechler  and  in  cooperation  with  Ralph  J.  Kauffman, 
Lt.  USN  and  Roland  C.  Thatcher,  Lt.  USIST. 


11,      ECUIPMENT  AND  PROCEDURE 

In  the  early  stages  of  the  investigation,   it  soon  became  evident 
to  the  author  and  his  co-workers  that  equipnrient  had  to  be  designed 
and  built  to  do  the  planned  task  of  creep  testing.    Furthermore,  no 
published  data  could  be  found  to  give  a  basis  for  judgment  in  problems 
which  svere  likely  to  arise.     It  was  decided  to  try  to  keep  the  machines 
for  testing  creep  in  tension,  compression  and  columns  as  uniform  and 
simple  as  possible  to  facilitate  their  subsequent  nnanufacture  , 

An  angle  iron  frame  was  designed  to  support  a  static  load,  a 
furnace  and  a  10  to  I  lever  arm  system.     A  constant  load  of  a  wide 
range  of  values  could  thereby  be  applied  to  the  specimen.    The  range 
of  loading  was  chosen  as  zero  to  6,500  lbs.  on  the  specimen.    Fig.  I 
is  a  photograph  showing  the  assembled  equipment.     Knife  edges  in  the 
lever  arm  serve  as  fulcrum  points  and  a  ball  and  socket  joint  in  the 
lower  shelf  of  the  frame  provide  for  automatic  alignment  of  the  load 
and  specimen  axes. 

Heat  for  the  specimen  was  desired  to  be  available  up  to  550  F, 
Since  fluctuation  of  temperature  at  a  point  and  a  gradient  of  tempera- 
ture along  the  specimen  are  not  desired  but  must  be  tolerated,  it  was 
decided  to  accept  variations  of  +  5  F  at  a  point  and  a  gradient  of  10  F 
along  the  length  of  a  six  inch  speciinen.  The  time  to  achieve  this  heat 
vjas  desired  to  be;  as  short  as  possible. 

Figs.  Z  and  3  are  detailed  sketches  of  the  oven  as  finally  design- 
ed.   Fig,  4  is  a  photograph  showing  the  interior  of  the  oven.  .Power 
to  the  oven  is  automatically  controlled  by  a  Sim-Ply-Trol  Controlling 
Pyrometer  actuating  a  power  relay.     The  oven  operates  on  llO  v       a.c. 


and  reaches  5^0    Fo  at  the  controlling  thermocouple  within  the  oven 
ir.  tv.'elve  rrjinute*  starting  from  a  cold  oven.     In  order  to  achieve  the 
iicceptable  gradient  over  the  specia-!en,   it  was  found  necessary  to 
add  an  auxiliary  heating  coil  producing  250  watts  to  the  bottonr.  of  the 
inside  of  the  oven  and  to  labyrinth  the  mating  surfaces  of  the  two 
halves  of  the  oven.    Fluctuation  of  temperature  within  the  oven  at  a 
point  was  brought  within  the  desired  tolerances  by  increasing  the  rate 
of  cycling  of  the  Sim-Ply-Trol.     lieat  insulating  joints  were  interposed 
into  the  loading  systen-i  above  and  below  the  outside  of  the  oven  to  re- 
duce the  flow  of  heat  through  the  steel  shafts  which  pierced  the  top  and 
bottom  of  the  oven. 

As  the  basic  loading  system  was  tensile  in  nature,  a  reversing 
cage  was  designed  to  fit  within  the  oven  and  to  provide  compressive 
loads  to  the  specimen.    Spherical  seats  were  machined  into  the  inside 
of  the  top  and  bottom  of  the  cage  into  which  spherically  machined  ends 
of  the  specimen  were  to  fit.     The  radius  of  the  seat  was  one  inch,  the 
radius  of  the  end  of  the  specimen  was  3/4  inch.     The  reversing  cage 
may  be  seen  in  Fig.  4. 

Measurement  of  the  lateral  deflection  of  the  column  was  achieved 
by  means  of  a  probe  tapered  at  one  end  and  intended  to  be  held  snugly 
against  the  m.id-point  of  the  column  with  soft  iron  wire.    In  the  course 
of  the  investigation,  the  nse  of  the  iron  wire  was  abandoned »     The 
other  end  of  the  probe  was  drilled  to  receive  the  plunger  of  a  Federal 
dial  gauge.    The  dial  gauge  read  to  CoCOI".     The  probe  was  made  of 
transite  to  prevent  transmission  of  heat  from  the  specimen  to  the  dial 
gauf/e .     The  probe  passed  through  a  1  inch  diameter  hole  cut  into  the 
furnace  .     The  aial  gauge  vyas  mounted  on  the  outside  of  the  furnace  by 


•:r.'-^ans  o£  an  alur.iinurf;  bracket;  the  surfaces  of  the  bracket  and  the 
furnacr?  wall  being  separated  by  a  1/4  inch  layer  of  asbestos.  The 
*^ial  j2;?-uge  cd&v  be  se<?Ti  n-ounted  on  the  furnace  ia  .'ir^.   5. 

Lipon  completion  of  the  loading  systevn,  all  elements  were  weigh- 
er, with  a  spring  balance  scale  so  that  the  dead  load  i:r  posed  by  the 
system  on  the  specir/.en  couLJ  he  calculated.      JacL  ele;T.ent  was 
weighed  to  the  nearest  ounce  .     The  loading  systenn  was  asseinbled  and 
the  Gracing  between  knif?*  cdgv^s  rrjcasurod.     ^^i^asureTient  was  done 
with  a  scale  reading  to  (  ,  "1  inch.      -issurriing  the  worst  possible  com" 
bination  of  O.Cl  incii  errors  in  kniff*  f^dg=  spacing  and  the  worst 
coiXibination  of  one  ounce  errors  in  weighing  the  parts  of  the  loading 
s/sterri,  the  maxirr.utTi  error  in  load  on  the  specimen  due  to  knife 
edge  s-.acing  was  calculated  to  be  0.37  percent.     The  maxiitium  error 
due  to  -A-eighing  the  parts  of  thn  loading  systeT.  was  cclculsted  to  be 
+  \,'t5  lb.   of  load  on  the  s p-j c i a: e n . 

Till-'  entire  colurr.n  creep  testing  machine  was  assembled  una. 
the  oven  calibrated,     'i  7Si'"-T6  alurriinum  alloy  spoci.nen  1/2  inch 
diar.ieter  and  6.0  inches  long  with  3/4  inch  radius  spherical  ends  was 
fitted  with  thermocouples  svhich  were  located  1/4  inct:  from  each  end, 
1-1/2  inch  from  each  end,  and  at  the  mid-point  of  the  specimen, 

alihration  at  450T  and  55G   F  was  performed  with  tlie  specimen  in 
rjlace  in  the  reversing  cage  ,     At  450    F  a  3   F  gradient  existed  between 
botto?Ti  and  top  of  the  speciiDen,     At  550   F  the  bottom  and  top  of  the 
snecirnen  .vere  each  l*'F  cooler  than  the  mid-point.     During  calibra- 
tioii,  no  measurable  variation  in  temperature  at  a  point  was  observed. 
Terr-perature  was  '.r^easured  with  iron-constantan  thern  occupies  wired 
to  the  surface  of  the  specirrien  and  :i  Lr-eds  and  Northrup  portable 
•ootentiometer  . 


in.     Ti^ST  SP^CIIv'^NS 

The  experirr-.ental  study  of  columns  involves  a  consideration  of 
rr.any  variables  such  as  slanderness  ratio,  properties  of  material, 
crookedness,  eccentricity  of  loading,   shape  of  section,  and  end  con- 
didons  some  of  which  are  difficult  to  control  and  all  of  which  con;pli- 
cate  the  interpretation  of  results.     In  order  to  reduce  the  number  and 
influence  of  these  variables  to  a  nninirnum  so  that  attention  may  be 
focused  principally  on  loading  and  slendernoss  ratio,  the  following 
facts  are  stated  to  apply  to  this  investigation. 

The  material  used  for  testing  was  75S-16  aluminum  alloy, 
rolled,   5/8  inch  dianieter  rod  with  the  following  properties: 

blechanical  Properties  ,,    , 

s value  oi  ..-roper uy 

Modulus  of  elasticity  in  tension,  psio  10.27  x  10 

Ultimate  tensile  strength,  psi.  84,800 

Tensile  yield  strength  (0.2  percent  offset),  psi.  76,500 

Elongation,  percent  in  2  inches.  10 

6 

V;odulas  of  elasticity  in  corri  press  ion,  psi,  10.6  x  10 

CorDpressive  yield  strength  {0,2  percent  offset), psi,  31,000 

Th-'Se  properties  were  obtained  by  tension  and  compression 
tests  conducted  on  the  material  in  a  iraldwin  -  iiouthwark  Universal 
300,000  lb.  testing  machine  with  a   Tate-  imery  Load  Indicator.    A 
Huggenberger  strain  gauge  was  used  to  measure  strain.     The  tension 
stress  -  strain  curve  is  given  in  Fig.  6.     The  con^presaion  stress 
strain  curve  is  given  in  Fig,   7, 

Specimens  having  various  slenderness  ratios  were  machined 
from  the  753-16  round  rod  according  to  the  following  specifications: 


J:^ 

L 

P 

thickness 

width* 

lensvn 

P 

41  o  5 

0.3i93'- 

0.4667" 

3.335" 

25.5 

65.0 

^■,319G^ 

o.!6e? 

6.G00'' 

39,9 

80.0 

6.000'^ 

48.6 

95,- 

6,0G0'- 

57.?. 

In  addition  to  having  a  rectangular  cross  section  of  the  above  dinrien- 
sions,  the  specimens  were  machined  with  3/4  inch  radius  spherical 
ends,    Maximunn  variation  from  these  dimensions  was  fixed  at 
-!-  0.001"  in  thickness,  +  0.005"  in  width  and  +  0.001''  in  len-gth,    Actua! 
variation  from  prescribed  dimensions  was  usually  much  less  in  the 
specimens  tested. 

The  crookedness  of  the  various  speciir.ens  was  measured  by 
placing  thickness  gauges  between  the  specimens  and  a  plane  surface 
upon  which  they  rested.    Maximum  variation  at  the  mid-point  of  the 
columns  having  a  alendernesa  ratio  of  95  was  0.002".    Columns  having 
slcnderness  ratios  less  than  95  were  practically  flat. 

Eccentricity  of  loading  was  overcome  by  the  use  of  the  spherical 
seats  in  the  reversing  cage  and  the  spherical  ends  of  the  colurrins.     The 
columns  were  easily  centered  in  the  cage  for  testing,     ^'roper  align- 
ment of  the  specimens  was  checked  by  visual  reference  to  several  ^^ 
the  parallel  rods  cotnprising  the  cage. 

In  order  to  obtain  end  fixity  for  the  various  columns  tested,  two 
colum.ns  of  different  slenderness  ratios  were  separately  placed  in  a 
Baldwin  -  Southwark  Universal  300,000  lb.  testing  machine  with  a 
Tate  -  Kmery  Load  Indicator  with  the  ends  of  the  reversing  cage  pl-aced 


During  the  investigation,  column  width  was  increased  to  0,520'*. 


between  the  top  and  bottom  of  the  colurran  and  the  respective  cross- 
heads  of  the  hydraulic  machine,     Th'='  colunns  had  slenderness  ratios 
of  50  and  95„     They  were  6,0"  long  with  3/4''  radius  spherical  ends 
and  were  0.4667"  wide,     ""."he  colurons  were  uniforiTily  loaded  to 
buckling  at  a  slow  rate  of  loading.     The  proper  value  of  tangent 
modulus  was  then  obtained  froiTs  Fig.  7  and  the  following  equation 
solved  for  end  fixity: 


Ola 


CT     tc 


i^r 


_£ 


(fc!^       =      -V"  =  ci'itical  stress  of  column 

C  =  end  fixity 

Ej-  =  tangent  modulus  c or re>s ponding  to     ct^^ 

^  =  slenderness  ratio.     For  rectangular 

cross  sections,  this  is     \j /Z  "  \— 
t 


A  straight  line  variation  of  end  fixity  was  assumed  to  exist  for  the 
other  columns  tested  in  this  investigation  and  the  following  values  of 
end  fixity  were  obtained: 


.vlenderviess 

>:;nd 

Effective  Slenderness 

ratio 

Fixity 

Ratio 

4U5 

2.580 

25,5 

65.0 

2.650 

39.9 

80.0 

2.700 

48.6 

95.0 

2.744 

57,2 

753-16  aluminum  alloy  was  chosen  for  testing  because  it  is 
currently  used  in  the  aviation  industry.     Temperatures  for  test  were 
chosen  as  450*^F,  and  550   F  to  be  consistent  with  the  efforts  of 
I.t,   Thatcher  and  Lt.  r'auffman  (Ref,   il  and  12). 
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iCach  test  consisted  of  rriounting  the  specimen  with  probs  and 
thermocouple  in  the  cage  in  the  furnace  and  affixing  the  probe  to  the 
dial  gauge.    The  dial  gauge  was  fixed  at  an  arbitrary  setting  betvveen 
thr'  limits  of  its  travel  to  enable  it  to  track  the  column  in  either  of 
the  two  directions  that  the  colunrsn  might  deflect.     Proper  weights 
were  applied  to  the  loading  system;  the  weights,  weight  holder  and 
lever  arm  were  supported  by  means  of  a  siinall  hydraulic  jack,     Fifty 
lYiinutes  after  turning  the  power  on,  the  ball  in  the  lower  shelf  of 
the  frame  was  lightly  screwed  up  into  its  socket  and    an  initial  read- 
ing i.e,  "unloaded"  reading  was  obtained  fronr^  the  dial  gauge.    The 
load  was  then  smoothly  applied  to  the  specimen  by  opening  the  valve 
slowly  in  the  jack.     The  load  was  applied  in  about  two  seconds,     V  hen 
the  speciiTip^n  first  support<"d  the  full  load,  aero  time  was  declared,  and 
"load-on"  reading  was  obtained  from  the  dial  gauge.    By  miCans  of  a 
stop  watch,  data  of  creep  of  the  column  mid-point  was  obtained  froai 
the  dial  gauge  in  intervals  of  10  seconds  of  tim*^' ,     Data  was  recorded 
continuously  until  the  specimen  failed  to  support  the  load  and  the 
weights  fell  to  rest  atop  the  jack  stem  which  had  been  previously  lov;'- 
ered  a  few  inches  to  a  new  position  below  the  zero  time  position. 

The  specimen  took  20  to  25  minutes  to  reach  98  percent  of 
final  temperature  on  its  surface.     Thirty  minutes  after  this  tivTie  , 
testing  took  place.     Temperature  on  the  surface  of  the  specimen  was 
observed  by  means  of  an  iron-constantan  thermocouple  wired  to  the 
surface  of  the  specimen.    Control  of  the  oven  was  maintained  by  a 
thermocouple  located  on  the  reversing  cage  ir.idv/ay  between  its  top 
and  bottom . 
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IV.     RSSl'L IS  r\ND  DISCUSSION 

A  total  of  63    columns  were  tested;  forty  of  them  at  550   F  and 
the  rest  at  450   F,    Graphs  showing  lateral  deflection  creep  of  the 
column  mid-point  vs.  time  in  seconds  at  550   F  and  450   F  are  plotted 
in  iTigSo  8  through  14.     Creep  curves  are  plotted  to  as  large  a  scale- 
as  practical  in  order  to  magnify  the  trend  of  creep  with  change  in 
applied  stress.    Creep  deflection  is  shown  to  the  nearest  0.0001  inch; 
an  estimated  accuracy,  since  a  dial  gauge  reading  to  O.OCl  Inches  was 
used.     The  time  abscissa  of  each  graph  is  terminated  at  6  minut^^s; 
interest  of  the  investigation  being  directed  to  the  region  of  high  stresses 
and  temperatures.    Curves  of  applied  stress  vs.  time  to  failure  at 
450   F  and  550   F  are  given  on  Figs.  15  and  16 «     The  direction  of  the 
curves  which  do  not  evidence  experimental  points  near  their  enda  is 
established  by  data  shown  on  Figs,  8  through  14  but  which  could  not  be 
plotted  on  Figs,  15  and  16.    The  curve  for  effective  slenderness  ratio 
of  57.2  at  450   F  on  Fig.  16  is  an  exception  to  this  statet-nsnt.    In  this 
case,  however,  a  column  having  an  effective  slenderness  ratio  of 
57.2  was  tested  at  an  applied  stress  of  7,500  psi  at  450   F.     -it  the  end 
of  two  hours  of  time  the  column  had  not  failed,    Crossplots  of  applied 
stress  vs.  effective  slenderness  ratio  for  various  tim.es  to  failure  at 
45C     and  550    F  were  obtained  from  Figs.  15  and  16  and  are  shown  on 
Figs  .  17  and  IS  . 

It  may  be  observed  that  all  creep  curves  in  Figs.  8  through  14 
are  referred  to  the  origin.    Consistent  difficulty  was  realized  in  ob- 
taining sensible  intercepts  during  the  investigation.    In  fact,  frequently 
at  zero  time  when  the  column  fully  supported  the  applied  load,  creep  of 


I? 

the  colu:T'n  rsvid-point,  caused  the  initiil  direction  of  -,  otion  of  the  dial 
gau2'^  to' reverie- .      The  reason  for  this  was  not  found,     factors  in  the 
design  of  test  equipment  wbick  would  contribute  to  lateral  motion  of 
th'^  specin-en  during  loading  \verp  investig.-ated  and  corrected »    ^tvvay 
bracks  vverf>  installf  d  to  revStrict  the  levor  am.  and  appended  weights 
to  motion  i-i  the  vertical  plane  only,     .edges  s^ere  inserted  around 
the  loading  systerr  support  shaft  where  it  passed  through  the  upper 
plate  of  the  test  stand.     The  ball  which  fitted  into  the  socket  in  the 
lower  shelf  of  th-  test  stand  was  snugb.'  scre-s^eu  into  position  prior  to 
loading.     These  treasures  were  nort-corroctive  .      -ioti^tion  of  the  cage 
during  loading  was  rulsd  out  since  thx?  shafts  supporting  the  upper  2nd 
lower  ends  of  the  reversing  cage  were  machined  with  identical  threads. 
The  torque  induc^^d  on  one  end  of  tiie  cage  due  to  the  loa.i  on  the  thread 
at  that  end  would  be  cancelled  by  an  equal  and  opposite  torque  induced 
by  the  threcids  at  tJie  other  end  of  the  cage.     ?^otation  of  the  speciaicn 
during  loading  wcis  discount+^^d  since  reversal  of  dir.iction  of  motion  of 
the  dial  gau^'>e  occurred  with  the  specimen  securely  fastened  to  the  i>">nd 
of  the  probe  v/ith  soft  iron  wire  ,     In  thf^  event  that  a  satisfactory  explana- 
tion of  this  phenomenon  is  discovered  at  a  later  date  making  it  possible 
to  correct  the  recorded  creep  data  to  a  suitabl--  sequence  of  interc-rot 
values,  laboratory  data  for  the  curves  shown  in  .Figs.  S  through  14  are 
given  in  Tables  I  through  XXVII  along  with  the  corresponding  data  by 
v^hich  all  curves  are  referred  to  the  origin.     In  plotting  the  creep  curves, 
creep  was  considered  to  start  at  the  tia.e  the  specimen  fully  supported 
the  applied  load. 

A  greater  nurrsber  of  tests  were  conducted  than  those  for  v/aich 
data  is  given,     -tnother  phenomenon  developed  in  this  investigation  which 
contributed  to  h  large  amoun^  -■'  ^■■-    •'-■-"-  •^'-<     ';»■"  -  ■  -ir-.  •.-:-.  •.1  •    i  ;f  --v ,  -  r 
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explanation  has  as  yet  been  found,     i"  he  single  probe  aysterr:  which 
was  used  for  measuring  the  column  deflection,  required  that  the 
column  deflect  in  the  direction  of  the  axis  of  the  probe  and  coincident 
dial  gauge  plunger.     To  insure  this  taking  place,  rectangula.r  cross 
section  columns  were  used.    However,  the  colunnns  did  not  consistently 
behave  as  expected*    Jvlany  of  them  deflected  at  right  angles  to  the 
intended  direction  as  well  as  in  the  desired  direction.    This  action  took 
place,  to  varying  degrees  at  45G     and  550   F  in  all. effective  slend^r- 
ness  ratios  except  that  of  48.6.    It  occurred  more  frequently  at  550"  r. 
The  columns  most  affected  were  those  having  an  effective  slenderness 
ratio  of  39. 9 «     A.n  interesting  observation  in  connection  with  this 
double  bending  was  that  when  its  magnitude  was  greatest,  the  time  to 
failure  of  the  columns  so  affected  was  increased  over  the  time  to 
failure  of  columns  which  had  the  same  stress  and  which  bent  in  the  in- 
tenued  direction  only. 

Inspection  of  columns  tested,  placed  suspicion  upon  the  soft  iron 
wire  used  to  fix  the  free  end  of  the  probe  to  the  column  mid-point.     The 
wire  indented  the  corners  of  the  column  cross  section  slightly.     Thc^re- 
after  ,  the  wire  was  omitted  and  the  probe  was  supported  by  a  transite 
slide  placed  in  th^^  hole  in  the  furnace  wall  through  v^hich  the  probe 
passed.    Contact  against  the  specimen  mid-point  was  maintained  by  the 
addition  of  a  light  spring  coiled  around  the  dial  gauge  plunger.     This 
spring  amplified  the  spring  in  the  riiechanisii!  of  the  dial  gage  and  forced 
the  probe  to  maintain  contact  with  the  surface  of  the  specimen,     Tlie 
additional  spring  was  not  strong  enough  to  Influence  the  bending  of  the 
column  because  subsequent  tests  showed  that  the  column  deflected 


against  the  SDriag  force  as  well  a-j  with  it,     Lri  addition  to  changing 
the  rr.aaner  of  rr'aiptaining  contact  oat-wee  a  the  colurr:n  niid-point 
and  the  probe  end,  the  column  width  was  increased  to  0.520  inches. 
Thf-"  nuinber  of  cases  of  double  bonding  dirniniiihed  bat  did  not  dis- 
appear .     rhroughout  the  investigation,  24  coluums  deflected  in  this 
manner  . 

:vince  thr  r.-jajor  p^rt  of  the  scatter  in  the  experimental  dat^: 
obtained,  involved  colurr.n3  which  bent  doubly,  thr-se  te-ati  v.'^t^  con- 
sidered as  unreliable.     Ihe  data  shosvn  on  Figs.   8  through  16  repre- 
sent those  obtained  fron-i  colunrins  which  deflected  in  one  plane  oniv 
and  those  vvhicb.  ^■•'^si  fit  to^^ther.      This  resulted  in  not  using  :he  daci 
froTi  ten  colurrns  which  deformed  in  the  desired' plane  .      The  inevitable 
loss  of  data  occurred  also  in  several  cases;  losses  due  lo  an  acute 
nerd  of  coordinated  teanr.work  in  operating  experirrental  equiiMr.ent 
and  in  recording  data.     Movicr-   experirrentalists  at  work  must  always 
pay  this  price , 

No  direct  atte -pt  was  made  to  prove  reproducibility  of  data. 
However,  as  a  r^-sult  of  the  difficulty  exr;erienced  v/ith  double  bending, 
tests  were  re-run  to  validate  th'r  trend  of  data  as  it  accurrulated. 
Coiurr.ns  which  deformed  properly  presented  a  neat  array  of  experi- 
n-jental  evidence  as  shown  by  i'igs.  S  through  16.     Test  data  presented 
in  these  figurcii  is  not  large  in  quantity  but  it  is  a  reasonable  represen- 
tation of  short  ti;-re  n-jaximam  loading  creep  characteristics  of  ?5'i"--  .'b 
colun  ns  . 


V.    CONCLUSIONS  AND  R}':COMKr5NDAriONS 

The  results  of  this  investigation  pertnit  the  following  con- 
clusions: 

i.     753- .r6  aluminum  alloy  colurnns  have  zero  time  to  failure 
strengths,  at  550'' F  which  increase  from  5,500  psi  for  an  effective 
slenderness  ratio  of  57.2  to  9.550  psi  for  an  effective  slenderness 
ratio  of  2  5.5  ,      it  450   F,  75S-r6  columns  have  zero  time  to  failure 
strengths  which  increase  from  10,400  psi  for  an  effective  slender- 
ness ratio  of  57.2  to  17,600  psi  for  an  effective  slendf^rness  ratio 
of  2  5.5.     Zero  time  to  failure  strength  is  the  maximurri  stress  that 
a  column  will  sustain  when  loaded  at  a  relatively  rapid  ratf» .    Shock 
or  irrpact  loading  is  not  considered.     Columns  in  the  range  of 
effective  slenderness  ratios  57,2  to  25,5  have  approximately  50  per- 
cent of  the  maximUTn  strength  at  550   F  that  they  have  at  450   F . 

2,      "he  stress  for  which  75S-T6  aluminum  alloy  colurrsns  hav- 
ing effective  slenderness  ratios  of  57.2  to  25.5  may  be  designed 
while  still  realizing  a  useful  life  in  short  time  applications  at  450".r 
and  550  F  is  an  appreciable  percentage  of  the  maximum  stress  that 
thf^so  columns  will  sustain  at  these  temperatures.     For  example, 
at  550  F  a  75'£-  r6  column  having  an  effective  slenderness  ratio  of 
39.9  will  fail  in  7  minutes  if  subjected  to  an  applied  stress  of 
5,500  psi.     This  stress  is  65,5  percent  of  the  maximum  stress  thpd 
the  column  will  sustain.     Other  columns  at  550   F  in  the  range  of 
effective  slenderness  ratios  of  25 „  5  to  57,2  will  fail  in  seven  minutes 
under  applied  stresses  which  are  higher  than  65,5  percent  of  rnaxi- 
mumi.    At  450   F,  75S-T6  colunnns  in  this  sam>e  range  of  effective 


16 

slenderness  ratios  will  withstand  applied  stresses,  for  seven  minutes, 
n'hicli  are  75  percent  or  better  of  inaximUin . 

3o     Contrary  to  widcsjoread  belief,   75-^- To  alumiaut-n  alloy  i.Y-.ay 
be  useful  in  short  titr.e  high  stress,  elevated  temperature  column 
applications  ia  the  range  of  effective  slenderness  ratios  57.2  to 
25.5.     An  exanr.ple  of  such  use  is  one  wherein  a  load  due  to  accelera- 
tion is  applied  for  a  short  time  to  a  column  which  has  been  serving 
in  a  body  under  uniform  low  level  stress  for  a  half  houi-  at  elevated 
terr)peratures  , 

In  the  interest  of  additional  experimental  investigation  of  colurrm 
creep,  the  following  recoajmendations  are  offered: 

It  is  suggested  that  other  light  metals  be  tested  at  elevated 
temperatures  in  order  to  obtain  comparative  creep  data  among  several 
alloys.    It  is  further  suggested  triat  the  effect  of  variables  on  column 
creep  be  studied  in  the  laboratory.    Factors  contributing  to  the  scatter 
of  elevated  terrperature  column  creep  tests  are  varied  and  rray  well  be 
important.     Additional  testing  of  columns  z.t  elevated  te rr peratures 
would  serve  to  evaluate  them.     It  is  felt  that  non-synrimetrical  deforma- 
tion of  a  column  about  the  plane  through  its  mid-»point  and  perpendicular 
to  its  axis  is  a  critical  item.     This  type  of  deformation  occurred  during 
the  investigation  and  seerr.cd  to  be  coincident  with  premature  failure 
of  the  column.    Whether  such  defortr>ation  is  due  only  to  inconsisten- 
cies in  rr:aterial  and  variation  of  physical  dimensions  along  the  length 
of  the  column,  or  is  due  to  something  else  is  worthv./hile  knowing.    In- 
vestigation of  the  phenotTieiion  of  double  bending  of  rectangular  columns 
v/ould  be  of  interest.     It  is  due  to  factors  such  as  machining  stresses  or 
testing  technique  or  does  it  have  to  be  planned  for  in  design?      H^nother 
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point  of  possible  interest  is  the  relative  importance  of  the  rate  at 
v,'bich  a  colurr.n  is  heated  to  its  final  temperature.    Still  another  is 
the  effect  of  loading  rate  on  column  creep  and  time  to  failure.     Last, 
but  nevertheless  worthy  of  equal  consideration  is  the  quv^stion  of 
shape  factor  and  its  influence  on  colu.rn  creep  properties. 
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Fig.  1  Creep  Test  Equipment 


TRANSITE    SPACERS 


({_  OF   SCREWS    SPACED 
AT  36  "INTERVALS 


(^    OF  TERMINALS    SPACED 
EQUALLY  AT  22;l 


PIANO    HINGE 


OVERLAP  ASBESTOS 
LINER  AT  JOINT  AT 
BOTH    SIDES 


SCREWS    JOINING 

TRANSITE    TOP  AND 

BOTTOM  TO  TRANSITE 

TUBE.  COUNTERSUNK  HEADS 

10  REQ.  AROUND   CIRCUMFERENCE 


THICK  TRANSITE 
SPACERS 


0.04  ALUMINUM  SHELL 


ROCK   WOOL    FILLING 


TOP    VIEW 
CREE^     TEST   FURNACE 


13"  BETWEEN    CENTERS   OF    COIL   TERMINALS  - 


—  0.04"ALUMiNUM   SHELL 


NOTES :  ,.. 

I.  FURNACE  TO  BE    BUILT   IN  TWO  HALVES.  USE -I"  TRANSITE 
SHEET  AT  DIVIDING  LINE  TO  CLOSE  IN  ROCK  WOOL  FILLER. 

2. STAINLESS  STEEL  LINER  TO  BE  FITTED  WITH  OVERSIZE  HOLES 
AT  FASTENING  POINTS  TO  ALLOW  FOR  EXPANSION. 

3.  MANNER  OF  SCREWING  TRANSITE   TOGETHER  IS  IDENTICAL 
AT  TOP  AND   BOTTOM   OF   FURNACE. 


FRONT     VIEW 
CREEP     TEST     FURNACE 


Fig.  4  Close-up  view  of  interior  of  oven  and  reversing 

cage.     Specirr.en  is  in  position  for  testing  in  reversing  cage. 


Figo     5  Close-up  view  of  exterior  of  furnace  showing  dial 

gauge  in  position  for  rr^easuring  column  deflection. 
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TABLE    I 


COLafvl\'  CHS^EP  DATA 


Jviaterial!         75S-r6 
Effective  Slenderness  Ratios 
Temperature:         550   F 
Applied  Stress?         9200  psi 


25.5 


Time  Dial  Gage  Creep 

{seconds)  (inches)  (inches) 

unloaded  0.2011 

load  on  0.2290  0.0000 

10  0.2850  0.0560 

13  0.3200  0.0910 


TABLE    II 


COLUMN  CREEP  DATA 


XvlateriaiJ         75-S-T6 
Effective  Slenderness  Patios 
Temperatures         550°F 
Applied  Stresss         8700  psi 


25.5 


Time 

Dial  Gage 

C  reep 

(seconds) 

(inches) 

(inches) 

unloaded 

0.  1965 

load  on 

0.2400 

OoOOOO 

10 

0.2481 

0.0081 

20 

0.2621 

0.0221 

30 

0.2900 

0.0500 

39 

0.3600 

0, 1200 

33 


TABLE    III 


COLUMN  CREEP  DATA 


Mate  rial:         75S-T6 
Effective  Slender ness  Ratio: 
Temperature:         550°F 
Applied  Stress:         7500  psi 


25.5 


Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

unloaded 

0. 1140 

load  on 

0. 1260 

0.0000 

10 

Oo 1240 

0.0020 

20 

0. 1220 

0. 0040 

30 

0. 1990 

0.0061 

40 

0.1172 

0,0088 

50 

0. 1145 

0.0115 

60 

0. 1129 

0.0131 

70 

0. 1086 

0,0174 

80 

0. 1045 

0.0215 

90 

0, 1005 

0.0255 

100 

0,0960 

0.0300 

110 

0.0905 

0.0355 

120 

0.0840 

0.0420 

130 

0,0770 

0.0490 

140 

0.0670 

0.0590 

150 

0,0530 

0.0730 

160 

0.0300 

0,0960 

170 

0.9700 

0. 1560 

TABJLS    lY 
COLUMN  CREEP  DATA 


Materials         753-16 
Effective  Slenderncss  F^atio: 
Temperature:         550  F 
Applied  Stresss         7000  psi 


25.5 


Tir.ie 

Dial  Gage 

Creep 

Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

(seconds) 

(inches) 

(inches) 

unloaded 

0.0895 

370 

0.0781 

0.0114 

load  on 

0.0895 

0.0000 

360 

0.077S 

0.0117 

10 

0.0892 

0.0003 

390 

0,0765 

0.0130 

20 

0. 0892 

0,0003 

400 

0.0760 

0.0135 

30 

0,0892 

C. 0003 

410 

C.0749 

0.0146 

40 

0.0S91 

0.0004 

420 

0.0739 

0.0156 

50 

0.0891 

0.0004 

430 

0.0729 

0.0166 

60 

0.0890 

0.0005 

440 

0.0719 

0.0176 

70 

0.0889 

0.0006 

450 

0.0709 

0.0136 

80 

0.0888 

0.0007 

460 

0.0697 

0.0198 

90 

0.0887 

C.0008 

470 

0.0685 

0.0210 

iOO 

0,0883 

0,0012 

430 

0,0675 

0.0220 

110 

0.0880 

0.0015 

490 

0.0661 

0.0234 

120 

0.0873 

C.0017 

500 

0.0650 

0.0245 

130 

0.0877 

0.0018 

510 

0.0638 

0.0257 

140 

0,0876 

0.0019 

520 

0,0620 

C.0275 

150 

0.0875 

0,0020 

530 

0.0605 

0.0290 

160 

0.0371 

0.0024 

540 

0.0539 

0.0306 

170 

0.0868 

0.0027 

550 

0.0571 

0.0324 

180 

C.0865 

0.0030 

560 

0.0552 

0.0343 

190 

0.0861 

0.0034 

570 

0.0532 

0,0363 

200 

0. 0860 

0.0035 

580 

0.0512 

0.0383 

210 

0.0858 

0.0037 

590 

0.0482 

0.0413 

220 

0.0856 

0.0039 

600 

0,0459 

0. 0436 

230 

0.0852 

0.0043 

610 

0.0430 

0.0465 

240 

0.0849 

0. 0046 

620 

0.039S 

0. 0497 

250 

0.0845 

0.0050 

630 

0.0359 

0.0536 

260 

0.0841 

0.0054 

640 

0.0315 

0.0530 

270 

0.0838 

0.0057 

650 

0.0260 

0.0635 

280 

0.0832 

0.0063 

660 

0.0199 

0.0696 

290 

0.0830 

0.0065 

670 

0.012C 

0.0775 

300 

0.0824 

0,0071 

680 

0.0005 

0,0890 

310 

0.0820 

0.0075 

690 

0.9840 

0. 1055 

320 

0,0813 

0.0082 

700 

0.947G 

0.1425 

330 

0.0809 

0.0086 

704 

0.9000 

0, 1B95 

340 

0.0804 

0.0091 

350 

0.0796 

0.  00^9 

360 

0.0790 

0.0105 

TABLE    V 
COLUM^^T  CREEP  DATA 


Material:         752-T6 
Effective  Sienderness  Ratio: 
Temperature:         550°F 
Applied  Stress:       8000  psi 


39.9 


Time 
(seconds) 

unloaded 
load  on 
6 
10 


Dial  Gage 
(inches) 

0.2681 
0.2700 
0.  1900 
0. 1400 


'.->reep 
(inches) 


0.0000 
0.0300 
0. 1300 


TABLE    VI 


CCLUAdN  CREEP  DATA 


Material:         75S-T6 
Effective  Sienderness  Ratios 
Temperature:         550   F 
Applied  Stress:         7000  psi 


39.9 


Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

unloaded 

0.2668 

load  on 

0.2980 

0.0000 

10 

0.3140 

0.0160 

20 

0.3250 

0.0270 

30 

0.3349 

0.0369 

40 

0.3471 

0.0491 

50 

0.3651 

0.0671 

60 

0.4000 

0. 1020 

65 

0, 4600 

0. 1620 

fABi-£    Vli 

COLUMN  CRE;I.P  DATA 


^Vlaterial:         75S-T6 
E.ffective  Slenderness  Ratio: 
Tetnperatare:         550   F 
Applied  Stress:         6000  psi 


39,9 


Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(iaclies) 

unloaded 

0.1885 

load  on 

0.2310 

OoOOOO 

10 

0.2420 

0.0110 

20 

0.2469 

0.0159 

30 

0.2506 

0.0196 

40 

0.2541 

0.0231 

50 

0.2573 

0.0263 

60 

0.2604 

0.0294 

70 

0.2635 

0.0325 

80 

0.2668 

0.0353 

90 

0.2700 

0,0390 

100 

0.2730 

0. 0420 

no 

0.2760 

0.0450 

120 

0.2793 

0.0488 

130 

0.2832 

0.0522 

140 

0.2870 

0.0560 

150 

0.2916 

0.0606 

160 

0,2970 

0.0660 

170 

0.3026 

0.0716 

180 

0.3100 

0.0790 

190 

0.3196 

0.0886 

200 

0.3320 

0. 1010 

218 

0.4100 

0. 1790 

210 

0.3550 

0. 1240 

TABLE    VIII 
COLUfvIV  GREET'  DATA 


Vaterial:         75S-T6 
Effective  Slender r>ess  Ratio: 
Temperature:       550  F 
Applied  Stress:    5500  psi 


39.9 


Time 

Dial  Gage 

Creep 

Time 

Dial  Gaoe 

Creera 

(seconds) 

(inches) 

(inches) 

(seconds) 

i    (inches) 

(i-ches) 

unloaded 

0. 1880 

220 

U.2745 

0.0445 

load  on 

0.2300 

0.0000 

230 

0.2761 

0.0461 

10 

0.2380 

0.0030 

240 

0.2781 

0.0431 

20 

0.2412 

0.0112 

250 

0.2799 

0.0499 

30 

0.2435 

0.0135 

260 

0.2818 

0.0518 

40 

0.2456 

0.0156 

270 

0.2837 

G.0537 

50 

0.2479 

0.0179 

230 

0.2858 

0.0553 

60 

0.2493 

0.0193 

290 

0.2880 

0.0580 

70 

0.2509 

0.0209 

300 

0.2902 

0.0602 

80 

0.2525 

0.0225 

310 

0.2929 

0.0629 

90 

0.2541 

0.0241 

320 

0.2955 

0.0655 

100 

0.2558 

0.0258 

330 

0.2986 

0.0686 

110 

0.2571 

0.0271 

340 

0.3015 

0.0715 

120 

0.2589 

0.0289 

350 

0.3055 

0.0755 

130 

0.2601 

0,0301 

360 

0.3100 

0.0800 

140 

0.2618 

0,0318 

370  . 

0. 3149 

0.0849 

150 

0.2632 

0.0332 

330 

0.3206 

0.0906 

160 

0.2649 

0.0349 

390 

0.3279 

0.0979 

170 

0.2662 

0.0362 

400 

0.3370 

0. 1070 

180 

0.2680 

0.0380 

410 

0.3506 

0.  1206 

190 

0.  2699 

0.G399 

420 

0.3750 

0. 1450 

200 

0.2712 

0.0412 

427 

-- 

-- 

210 

0.2729 

0.0429 

TABLB    IX 
COLUM^^  CREEP  DATA 
Material:         75S-T6 
Effective  oienderness  Ratio!         48:6 
rennperat.j.reS         550   F 
Applied  Stress:         7000  psi 


Time 

uiai  Gage 

Creep 

(seconds) 

(Inches) 

(inches) 

unloaded 

0.2050 

load  on 

0.2500 

0.0000 

10 

0.2880 

0.0380 

13 

0. 3850 

TABJuE  X 

0. 1350 

COLUMN  CB.£EP  DATA 
Material:         75S-T6 
Effective  Slender ness  Ratio:         43.6 
Temperature:         550   F 
Applied  Stress:        6000  psi 


Titiie 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

unloaded 

0.0930 

load  on 

^8 

0. 1360 
0.1282 

0. 1198 

§:8§f8 

0.0162 

30 

0. 1095 

0.0265 

40 

0.0981 

0. 0379 

50 

0.0820 

0.0  540 

60 

0.0585 

0.0775 

69 

0. 9900 

0. 1460 

TABLE    XI 


C  OL.  U  M  V  C  R  £  H.  P  DA  FA 


Material:         75S-r6 
Sffective  Slender ness  Ratio: 
Temperature:         550   F 
Applied  Stress:         500C  psi 


4S.6 


Tiine 

Dial  Gage 

Creep 

Time 

:■  ].    .,:2;^e 

Creeo 

(ccconds) 

(inches) 

(inches) 

(seconds) 

(inches) 

(inches) 

unloaded 

0.0965 

220 

0.0729 

0.0356 

load  on 

0.1085 

0.0000 

230 

0.0710 

0.0375 

10 

G.  1055 

0.0030 

240 

0.0695 

0.  0390 

20 

0. 1030 

0.0055 

250 

0.0675 

0.0410 

30 

0.1012 

0.0073 

260 

0.0651 

0.  0434 

40 

0.0999 

0.0086 

270 

0.0632 

0.0453 

50 

0.0978 

0.0107 

280 

0.0610 

0.0475 

60 

0.0960 

0.0125 

290 

0.0589 

0.  0496 

70 

0.0946 

0.0139 

300 

0.0563 

0.0522 

30 

0.0931 

0.0154 

310 

0.0538 

0. 0547 

90 

0.0918 

0.0167 

320 

0.0511 

0.0574 

100 

0.0900 

0.01S5 

330 

0.0482 

0.0603 

ilO 

0.0889 

0.0196 

340 

0.0445 

0. 0640 

120 

0.0873 

0.0212 

350 

0.040S 

0.0677 

130 

0.0860 

0.0225 

360 

0.0359 

0.0726 

140 

0.0843 

0.0242 

370 

0.0310 

0,0775 

150 

0.0830 

C.0255 

380 

0.0240 

U.0845 

160 

0.0818 

0.0267 

390 

0.0153 

0.0930 

170 

0.0802 

0.0283 

400 

0.0020 

0.  1065 

180 

0.0791 

0.0294 

410 

0.9750 

0.1335 

190 

0.0775 

0.0310 

420 

0.9300 

0.1785 

200 

0.0760 

0.0325 

210 

0.0741 

0.0344 

TABL.E   XII 
COLUMN  CREEP  DATA 
iv.aterials         75S-T6 
Lffective  Slender Tjess  Ratio:         57.2 
Temperatures         550°F 
Applied  Stress:         5250  psi 


Time 
(seconds) 

Dial  Gage 
(inches) 

Creep 
(inches) 

unloaded 
load  on 
10 
16 

0.5146 
0. 5360 
0,  5650 
0.62CO 

TABLE  XIII 

0.0000 
0.0290 
0.0S40 

COLUMN  CREEP  DATA 


...a.crial:         75S-T6 
Effective  Slcnderness  Ratio: 
Temperature:         550  F 
Applied  Stress:        5000  psi 


57.2 


Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

unloaded 

0.6240 

load  on 

0.6320 

0.0000 

10 

0.6420 

0.0100 

20 

0.6520 

0o02C0 

30 

0.6600 

Co  0280 

40 

0.6700 

0.0380 

50 

0.68i0 

0.0490 

60 

0.70i5 

0.0695 

70 

0.8700 

0. 1385 

TABLii:  XIV 
COI.U.viN  CREEP  DATA 


Ivlaterial:         75S-r6 
Effective  Slender ness  Ratio: 
Temperature:         550  F 
Applied  Stress:        4750  psi 


Time 

Dial  Gage 

Creep 

Time 

Dial  Case 

Creep 

(seconds) 

(inches) 

(inches) 

(seconds)    (inches) 

(inches 

unloaded 

C.5C2i 

220 

0,5530 

0.0321 

load  on 

0.5209 

0.0000 

230 

0.5541 

0,0332 

10 

0. 5260 

0.0051 

240 

0. 5555 

0.0346 

20 

0. 5287 

0.0078 

250 

0. 5563 

0.0359 

30 

0.5292 

0.0083 

260 

0, 5583 

0.0374 

40 

0. 5308 

0.0099 

270 

0.5598 

0.0389 

50 

0.5321 

0,0112 

280 

0.56ii 

0. 0402 

60 

0,  5336 

0,0127 

290 

0.5628 

0.0419 

70 

0. 5349 

0.0140 

300 

0. 5645 

0.0436 

80 

0.536i 

0.0152 

310 

0. 5663 

0.0454 

90 

0.5375 

0.0166 

320 

0. 5682 

0.0473 

100 

0.5333 

0.0179 

330 

0.5704 

0.0495 

liO 

0. 5400 

0.0191 

340 

0.5730 

0.0521 

120 

0,5411 

0,0202 

350 

0.5755 

0.0546 

130 

0.5421 

C.0212 

360 

0.5785 

0.0576 

140 

0. 5433 

0.0224 

370 

0, 5Si8 

0,0609 

150 

0. 5444 

0.0235 

380 

0. 5353 

0.0644 

160 

0. 5457 

0.0248 

390 

0.5902 

0.0693 

170 

0. 5469 

0.0260 

400 

0.5961 

0,0752 

180 

0.  5481 

0,0272 

410 

0.6050 

0.0841 

190 

0.  5492 

0.0283 

420 

0.6210 

0.  100 i 

200 

0. 5502 

0.0293 

430 

0,6851 

0. 1642 

210 

0,5518 

0.0309 

TABLE  XV 

COL 

■UMN  CREEP  DATA 

'iaterial:         75S-T6 

Effective  Slcnderness 

Ratio:         57.2 

Temperature:         550° 

F 

Applied  Stress:         3000  psi 

Time 

Dial  Gage 

Creco 

(seconds) 

(inches) 

(inches) 

unloaded 

0.0040 

load  on 

0.0010 

10 

O.OOiO 

0.0000 

20 

0.0010 

0.0000 

30 

O.OOIO 

0.0000 

40 

C.OOiO 

0.0000 

50 

0,0010 

0.0000 

60 

0.0010 

0.0000 

70 

0.0010 

0.0000 

80 

0,0010 

0.0000 

90 

000015 

0.0005 

100 

0.0016 

0.0006 

iiO 

0.0016 

0.0006 

120 

0.0017 

0.0007 

130 

0.0017 

0.0007 

140 

0.0018 

0.0008 

150 

000018 

0,0008 

160 

0,0018 

0.0003 

170 

0.0018 

0.0008 

180 

0.0018 

0,0003 

190 

0.0018 

0.0008 

200 

0.0018 

0.0003 

210* 

0.0018 

0.0008 

*  Test  stopped  at  this  point  because  of  small  creep  rate. 


TABLE  XVI 

COLUMN  CHESP  DATj^, 
:--aterial:         75S-T6 
iiffective  Slenderness  Ratio:         25,  B 
Temperatiire:         450^F 
Applied  Stress:         17,  300  psi 


Ti.-.e 
(seconds) 

Dial  Gage 
(inches) 

Creep 
(inches) 

unloaded 
load  on 
6 

T 

0. 1122 
C. 1400 
0.0700 

AiiLE   XVII 

O.OCOO 
0.0700 

CC 

>LU ; 

,.vv  CREEP  DAT. 

A 

v-:  ate  rial:         753-16 
Lfiective  Slendemess  B.atio: 
Temperature:         450   F 
Applied  Stress:         16,  GOC  psi 


Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(incheo) 

unloaded 

0, 1080 

load  on 

0.  1260 

0.0000 

10 

0. 1245 

0.0015 

20 

0. 1195 

0.0065 

30 

0.1080 

0.0180 

39 

G.0400 

0.CS60 

TABLE  XVIII 


COLAJ i^AN  Cm.'luP  DATA 


.Materials         75S-T6 

Effective  Slendemess  .Ratios         25.  5 

Temperature:         450   F 

/vppUed  stress?         15,  OOOpsi 


TiiYie 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

unloaded 

0. i081 

load  on 

0. 1220 

0.0000 

10 

0. 1200 

0.0020 

20 

0. 1190 

O.O03G 

30 

0,1180 

0.0040 

40 

0. 1170 

0.0050 

50 

0.1155 

0.0065 

60 

0.1140 

0.0080 

70 

0. 1127 

0.0093 

80 

0. 1105 

O.OiiS 

90 

0. 1095 

0,0125 

100 

0, 1065 

0.0155 

no 

0. 1030 

0,0190 

120 

0.1000 

0.0220 

130 

0.0950 

0,0270 

140 

0.0880 

0,0340 

150 

0.0800 

0.0420 

160 

0.0600 

0. 0620 

165 

0,0200 

0. 1020 

50 


TABI^E    jQA 
COLU^IM  CREEP  DATA 


j:         75S-T6 
Effective  Slenderness  Ratio:         25.  5 
Temperature:         450   F 
Applied  Stress:         14,  500  psi 


Time 

Dial  Gage 

Creep 

rime 

(seconds) 

(inches) 

(inches) 

(sece 

unloaded 

0. 

1020 

240 

load  on 

0. 

1235 

C.OOOO 

250 

10 

0, 

1235 

0.0000 

260 

20 

0. 

1235 

C.OOOO 

270 

3G 

0. 

1235 

0.0000 

280 

40 

0. 

1230 

0.0005 

290 

50 

0. 

1229 

0.0006 

300 

60 

0. 

1229 

0.0006 

310 

70 

0. 

1229 

0.0006 

320 

8C 

0. 

1226 

0.0009 

330 

90 

0. 

1224 

O.OOli 

340 

100 

0. 

1221 

C.0014 

350 

iiO 

0. 

1220 

0,0015 

360 

120 

0. 

1220 

0.0015 

370 

130 

0. 

1219 

0,0016 

380 

140 

0. 

1219 

0.0016 

390 

150 

0. 

1215 

0.0020 

400 

160 

0. 

1215 

0.0020 

410 

170 

0. 

1212 

0.0023 

420 

180 

0. 

1211 

0.0024 

430 

190 

0. 

1209 

0.0026 

440 

2G0 

0. 

1203 

0.0032 

450 

210 

0. 

1201 

0.0034 

460 

220 

0, 

1195 

0.0040 

470 

230 

0. 

1194 

0.0041 

480 

Dial  Cage      Creep 
(seconds)    (Inches)  (inches) 


0. 

1193 

0. 

,0042 

0. 

1192 

0. 

.0043 

0. 

1189 

0. 

,0046 

0. 

1132 

0. 

,0053 

0. 

1175 

0, 

,0060 

0. 

,  1172 

0. 

,0063 

0. 

1166 

0. 

,0069 

0. 

1162 

0. 

,0073 

0. 

1152 

0, 

.0083 

0. 

1147 

0, 

,0088 

0. 

1138 

0, 

.0097 

0. 

1130 

0. 

,0105 

0. 

ills 

0. 

,0117 

0. 

1106 

0. 

,0129 

0. 

1090 

0, 

,0145 

0. 

1075 

0. 

,0160 

0. 

1060 

0, 

,0175 

0. 

1040 

0. 

,0195 

0. 

1015 

0. 

,  0220 

0. 

0985 

0. 

,0250 

0. 

0946 

0. 

,0289 

0. 

0893 

0. 

0342 

0. 

0821 

Qc 

,0414 

0. 

0690 

0. 

,0545 

0. 

0000 

0. 

1235 

TABLE  XX 
COLUMN  CR^TZF  DATA 
V;aterial:         75S-T6 
F'ffective  Slenderness  iRatio:         25.5 
i'e-;vo3rature:         45C   T 


Applied  S 

tress:         14,C0C 

psi 

Tirre 

Dial  Gage 

Creep 

Tin-,e 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches)' 

(seconds) 

(inches) 

(inche  s) 

unloaded 

0.1135 

340 

0.1305 

0.0015 

load  on 

0.1290 

0.0000 

350 

0.1306 

0.0016 

10 

0.1290 

0,0000 

360 

0.1308 

0,0018 

?0 

0.1290 

0.0000 

370 

0.1 3C8 

C.0018 

30 

0.1290 

0,0000 

380 

0.1309 

0.0Gi9 

40 

0.1290 

o.cooo 

390 

0,1310 

0.0020 

50 

C.1291 

0,0001 

400 

0,1310 

0.0020 

60 

0.1292 

0.0002 

410 

0.1311 

0.0021 

70 

0.1296 

0.0006 

420 

0.1312 

0.G022 

80 

0.1296 

0.CG06 

480 

0.1320 

0.0030 

90 

0.1297 

0.0007 

*       54  C 

0.1341 

0.0051 

100 

0.1298 

0,0008 

600 

0.138G 

C.009C 

110 

0.1299 

0.0009 

610 

0.1399 

0.0109 

120 

0.1299 

0,0009 

620 

0.1399 

0,0109 

130 

0.1299 

0.0009 

630 

0.1411 

0.0121 

140 

C.1299 

G.0G09 

640 

0.1422 

0.0132 

150 

0.1299 

0.0009 

650 

0.1441 

CO  151 

160 

0,1299 

0.GC09 

66c 

0.1460 

0.0170 

170 

0.1299 

0,0009 

670 

0,1481 

0.0191 

180 

0.1299 

0.0009 

680 

0.1505 

0,C2I5 

190 

0.1300 

0,0010 

690 

a. 1536 

0.0246 

200 

0.1300 

0.0010 

>00 

G.1575 

0.0285 

210 

0.1300 

0,0010 

710 

0,1630 

0.0340 

220 

0.1300 

0.0010 

720 

0,1700 

0.0410 

230 

0.1300 

0.0010 

730 

0.1860 

CO  570 

240 

0.1301 

0,0011 

740 

0.2100 

0.C810 

250 

0.1301 

C.OCll 

744 

0.2500- 

G.i2iO 

260 

0,1301 

OoCCIl 

270 

C.13C1 

0.0011 

280 

0.13CI 

0,0011 

290 

0.1302 

0,0012 

300 

C.1302 

0.0012 

310 

0 . 1 302 

0,0012 

320 

0.1303 

0.0013 

330 

C . 1 304 

0.0014 

eading;6  1  :-..in.  apart  due  to  slovy  creep  rate. 


CO.LUMM  CREEP  DATA 

!C  ate  rial:         75S-T6 

Effective  Sleidemess  Satios         4S.6 

Temperature:         450^F 

Applied  Stress:         15,000  psi 


Time        ^  Dial  Cage  Creep 

(seconds)  (inches)  (i  aches) 

unloaded  0. 1551 

load  on  0.1000  0. OODO 

4 


TAISLr.    A  Ail 
C  C !. .  U  M  N  C  R  E  E  P  DA  T A 

:yi  at  e  r  ial :         7  5S  -  T  6 

Effective  Slendemess  Hatio:         48.6 

Temperatures         450*^T 

Applled  Stress:         14,  000  psi 


Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

unloaded 

0. 1550 

load  on 

0. 1968 

0, 0000 

10 

0. 1922 

0. 0046 

20 

0. 1730 

C.G238 

25 

0. 1300 

C»0663 

TABLE  XXIII 
COLUl^^i  NCR  ESP  DATA 


V- ate  rial  J         75S-T6 
Effective  Slenderness  Hatio: 
Tcoipcrature:         450  F 
Applied  i^tress:         13.000  psi 


48.6 


Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

unloaded 

0.  19?^0 

load  on 

0,2240 

0.0000 

10 

0. 2229 

O.OOii 

20 

0,2221 

0,0019 

30 

0,2219 

0.0021 

40 

0.2212 

0,002S 

50 

0.2205 

0.0035 

60 

0.2199 

0.0041 

70 

0.2191 

0,0049 

80 

0.2183 

0.0057 

90 

0.2175 

0.0065 

100 

0.2162 

0.0078 

no 

0.2150 

C.0090 

120 

0.2132 

0.0103 

130 

0.2111 

0.0129 

140 

0.20S9 

0,0151 

150 

0.2051 

0.0139 

160 

0.2001 

0,0239 

170 

0. 1925 

0.0315 

180 

0. 1750 

0.0490 

186 

0.  1400 

0.0840 

TABLE  XXIV 
COLUM^T  CREEP  DATA 


Material:         75S-T6 

Effective  Slenderness  Ratio:         48.6 

Temperature:         450  °F 

Applied  Stress:         12,  500  psi 

Time  Dial  Gage     Creep 

(seconds)      (iriches)  (inches 


unloaded 

0.1088 

load  on 

0.1390 

0.0000 

10 

0. 1382 

0.0008 

20 

0.1380 

0.0010 

30 

0.1378 

0.0012 

40 

0.  1375 

0.0015 

50 

0.1372 

0.0018 

60 

0. 1371 

0.0019 

70 

0.  1369 

0.0021 

80 

0.1368 

0.0022 

90 

0.  1366 

0.0024 

100 

0.1362 

0.0028 

no 

0. 1361 

0.0029 

120 

0.  1360 

0.0030 

130 

0.1359 

0.0031 

140 

0. 1355 

0.0035 

150 

0, 1353 

0.0037 

160 

0. 1351 

0.0039 

170 

0. 1350 

0.0040 

180 

0. 1349 

0.0041 

190 

0. 1345 

0.0045 

200 

0. 1342 

0.0048 

210 

0. 1340 

0.0050 

220 

0. 1339 

0,0051 

230 

0.1337 

0.0053 

240 

0. 1332 

0.0058 

250 

0.  1330 

0.0060 

260 

0.  1328 

0.0062 

270 

0,  1325 

0.0065 

280 

0.  1321 

0.0069 

290 

0.1319 

0.0071 

300 

0. 1317 

0.0073 

310 

0. 1312 

0.0078 

320 

0. 1310 

Q.0080 

330 

0. 1308 

0,0082 

340 

0. 1304 

0.0086 

350 

0. 1301 

0.0089 

360 

0. 1299 

0.0091 

370 

0. 1294 

0.0096 

380 

0, 1289 

O.OiOl 

390 

0. 1285 

0.0105 

400 

0. 1280 

O.OilO 

410 

0. 1275 

0.0115 

Time 

Dial  Gage 

Creep 

(seconds) 

i  (inches) 

(inches) 

420 

0.1271 

0.0119 

430 

0. 1268 

0.0122 

440 

0. 1260 

0.0130 

450 

0.1255 

0,0135 

460 

0. 1E49 

0.0141 

470 

0. 1247 

0.0143 

480 

0.1237 

0.0153 

490 

0. 1229 

0.0161 

500 

0.  1221 

0,0169 

510 

0.  1212 

0.0178 

520 

0.  1205 

0.0185 

530 

0.  1198 

0.0192 

540 

0.  1186 

0.0204 

550 

0. 1175 

0.0215 

560 

0.1163 

0.0227 

570 

0.1150 

0.0240 

580 

0. 1-38 

0.0252 

590 

G.  1121 

0,0269 

600 

0.  1108 

0,0282 

610 

0. 1086 

0,0304 

620 

0, 1061 

0.0329 

630 

0. 1035 

0,0355 

640 

0.1000 

0.0390 

650 

0.0950 

C. 0440 

660 

0.0875 

0.0515 

670 

0.0730 

0.0660 

676 

0,0400 

0. 0990 

TABLE  XXV 
COLUMN  CREEP  DATA 

.:  ate  rial:         75S-T6 

Effective  Sienderness  Ratio:         57.2 

Femperature;        450*^F 

Applied  Stress:         10,200  psi 


Ti-.-ne 
(seconds) 

'Dial  Gage 
(inches) 

Creep 
(inches) 

unloaded 

0. 1192 

load  on 

10 
12 

0. 1250 
0.0700 
0.0500 

0.0000 
0.0550 

0.0750 

-v' ate  rial: 


TABL.S  XXVI 
COLUMN  CREEP  DATA 
?5S-r6 


Lffective  Slenderness  Ratio:         57.2 
Tenioerature:        450°F 


ied  Stress:         9000 

psi 

Time 

Dial  ^lage 

Creep 

(seconds) 

(inches) 

(inches: 

unloade<3 

0.2000 

load  on 

0.2160 

0.0000 

10 

0.2040 

0.0120 

20 

0. 1935 

0.0175 

30 

0. 1930 

0.0230 

40 

0.  1890 

0.0270 

50 

0.  1845 

0.0315 

60 

0. ISOO 

0.0360 

70 

0.  1751 

0.0409 

80 

0.  1706 

0.0454 

90 

0. 1651 

0.0509 

100 

0. 1583 

0.0577 

110 

.0. 1480 

0.0680 

120 

0. 1270 

0.0390 

124 

0.0700 

0. 1460 

56 


TABLE    XXVII 
COLUMN  CREKP  DATA 
iviaterial:         75S-T6 
liffective  Slenderness  Ratio:         57,2 
Teaiperature:        450  F 
Applied  Stress:         8000  psi 


Time 

Dial  Gage 

Creep 

Time 

Dial  Gage 

Creep 

(seconds) 

(inches) 

(inches) 

(second 

s)    (inches) 

(inches 

unloaded 

0. 1849 

160 

0. 1523 

0. 0387 

load  on 

0. 1910 

0,0000 

170 

0. 1505 

0. 0405 

iO 

0. 1830 

0.0080 

180 

0. 1485 

0.0425 

20 

0. 1788 

0.0122 

190 

0. 1465 

Q.0445 

30 

0.  1755 

0.0155 

200 

0. 1445 

0.0465 

40 

0. 1731 

0.0179 

210 

0. 1420 

0.0490 

50 

0.1715 

0.0195 

220 

0. 1400 

0.0510 

60 

0.  1693 

0.0217 

230 

0. 1380 

0.0530 

70 

0. 1674 

0o0236 

240 

0. 1349 

0.0561 

80 

0.  1656 

0.0254 

250 

G. 1315 

0.0595 

90 

0ol640 

0.0270 

260 

0. 1275 

0.0635 

100 

Oo 1624 

0.0236 

270 

0. 1235 

0.0675 

iiO 

0.1610 

0.0300 

280 

0.  1190 

0.0720 

120 

0.1592 

0.0318 

290 

0.  1110 

0.C300 

130 

0.1575 

0.0335 

300 

0.0995 

0.0915 

140 

0. 1560 

0.0350 

309 

0.0500 

0. 1410 

150 

0. 1545 

0.0365 

Date  Due 

f 

505  7 


Thepis 

G13        GalT^ler 


17323 


aluminum  alloys. 


Thesis 


17323 


Col\xnr.  cree-n  of  75S-T6 
alTimimw  alloys. 


thesG13 

Column  creep  of  75S-T6 


1 


aluminum  alloys. 
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